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Background:The contribution of hereditary and environmental factors to the development of abdominal aortic aneurysms
(AAAs) is still partly unknown. The aim of this study was to analyze the role of these factors in a large population-based
sample of twins.
Methods: The Swedish Twin Registry, containing data on twins born in the country since 1886, was cross-linked with the
Inpatient Registry, providing national coverage of discharge diagnoses coded according to the International Classification of
Diseases (ICD). All twins with an infrarenal AAA were identified. Concordance rates and tetrachoric correlations were
calculated for monozygotic (MZ) and dizygotic (DZ) twins. Tetrachoric correlations were calculated assuming an underlying
normal distribution of liability, withmultiple factors contributing additively and a threshold value that discriminates between
AAA and no AAA. Higher concordance rates and correlations of liability in MZ twins than in DZ twins suggest that genetic
factors influence disease development. Structural equation modeling techniques, Mx-analyses, were used to estimate the
contributions of genetic effects as well as shared and nonshared environmental factors for development of AAA.
Results: There were 172,890 twins registered at the time of the study including 265 twins (81% men; mean age 72 years;
range, 48-94) with AAA. There were 7MZ and 5DZ concordant pairs as well as 44MZ and 197DZ discordant pairs with
AAA. The probandwise concordance rates for MZ and DZ pairs were 24% and 4.8%, respectively. The tetrachoric
correlations were 0.71 in MZ pairs and 0.31 in DZ pairs. The odds ratio (OR) was 71 (95% confidence interval [CI]
27-183) forMZ twins and 7.6 (95%CI 3.0-19) for DZ twins. In the structural equationmodels, genetic effects accounted
for 70% (95% CI 0.33-0.83), shared environmental effects for 0% (95% CI 0-0.27), and nonshared environmental effects
for 30% (95% CI 0.17-0.46) of the phenotypic variance among twins.
Conclusion: These data provide robust epidemiologic evidence that heritability contributes to aneurysm formation.
Concordances and correlations were higher in MZ compared with DZ twins, indicating genetic effects. There was a 24%
probability that an MZ twin of a person with AAA will have the disease. The twin of an MZ twin with AAA had a risk of
AAA that was 71 times that of the MZ twin of a person without AAA. A heritability of 70% of the total trait variance was
estimated. The remaining variance was explained by nonshared environmental factors with no support for a role of shared
environmental influences. ( J Vasc Surg 2010;51:3-8.)Abdominal aortic aneurysm (AAA) affects approxi-
mately 5% of elderly men and is estimated to be the tenth
most common cause of mortality in the Western world.1
The prevalence of AAA found in population-based ultra-
sound scan screening studies ranges from 4.2% to 8.8% in
men and 0.6% to 1.4% in women.2,3 Risk factors associated
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doi:10.1016/j.jvs.2009.08.036with AAA include age, atherosclerosis, smoking, and family
history of AAA.4 Familial clustering of patients with AAA
supporting an inheritable disease has been well de-
scribed.5,6 It has been estimated that around 15% of pa-
tients with AAA have a family history of AAA disease.7
Evaluation of familial occurrence of AAA from reports
mainly based on single-center experience has shown that
siblings of patients with AAA, especially among brothers,
are more affected.6 A population-based case control study
including more than 3000 cases and 15,000 controls,
found an approximately two-fold increased risk for AAA
among first-degree relatives.8 The gender of the index
person or the first-degree relative did not influence the risk
for AAA in this study.
The mechanism underlying aneurysm formation will
likely involve interplay between genetic predisposition and
environmental risk factors.9 Risk factors analyzed in popu-
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nary heart disease, and diabetes are partly explained by
genetic factors.1,10,11 Smoking, dietary habits (high choles-
terol levels), sporadic mutations, and infections are exam-
ples of risk factors often considered to be environmental,
but might also be influenced by genes.10,12 The contribu-
tion of hereditary and environmental factors to the devel-
opment of AAA is still unclear. The aim of this study was to
analyze the role of these factors in a large population-based
sample of twins.
PATIENTS AND METHODS
Data sources and study design. The Swedish Twin
Registry (STR) was established in the late 1950s and con-
tains data on almost all twins born in Sweden between 1886
and 1990.13 The registry has been expanded and updated
on several occasions. The classical twin method is based on
the fact that monozygotic (MZ) twins share 100% of their
genome, whereas dizygotic (DZ) twins share, on average,
50% of their segregating genes.14 Twin similarity in the
STR was determined by asking twins whether they and
their twin partner were similar as “two peas in a pod”
during childhood or not more than siblings in general. If
both twins answered “similar as two peas in a pod,” they
were classified as MZ. Twin pairs in which both twins
answered that they were not more similar than siblings in
general were classified as DZ. Those who answered differ-
ently were classified as not determined zygosity. Methods
for assigning zygosity have been validated in the registry
several times with an accuracy of 95% to 99%.13 Analyses of
the relative importance of genes and environment for a
phenotype can be carried out with traditional quantitative
methods that are well developed for twin studies (Table I).
The National Board of Health and Welfare’s Hospital
Discharge Register (National Patient Register [NPR]) con-
tains data on individual hospital discharges and covers all
public in-patient care in the country. The register now
includes 50 million discharges (for the period 1964 to
2006).15 In 2003, the main diagnosis was missing in 0.9%
of the hospital admissions reported. The diagnoses coded
according to the International Classification of Diseases
(ICD)-7 until 1968, ICD-8 between 1969 and 1986,
Table I. Glossary for statistical twin analysis
Intra-class correlation A statistical measure for stren
can vary between 1 and 
Structural equation
modeling (SEM)
A method that estimates regre
observed variables. These e
the observed data and that
Hereditary effects The proportion of phenotyp
persons.12,16
Shared environmental
effects
The proportion of phenotypic
twins, thus contributing to
or passive smoking in child
Non-shared environmental
effects
The proportion of phenotypic
between twins (eg, sporadic
Modified from References 10,12, and 16.ICD-9 between 1987 and 1996, and ICD-10 from 1997until now were used. The NPR is continuously validated by
the National Board of Health and Welfare, and reporting is
mandatory. An AAA was coded as 451 in ICD-7, 441.20 in
ICD-8, 441D and 441E in ICD-9, and I71.3 and I71.4 in
ICD-10.
The two registries (STR and NPR) were cross-linked
using the national 10-digit social security number, a unique
number assigned to every Swedish citizen. The study was
approved by the local research ethics committee and by the
STR Board.
Prevalence. The prevalence of AAAwas calculated as a
percentage of individual twins diagnosed in the entire twin
cohort as well as for the MZ and DZ group of twins
separately.
Probandwise concordance. Twin similarity was cal-
culated as probandwise concordance rates for both zygosity
groups. Concordance rates represent the probability of
developing AAA for an individual with an affected twin.
Concordant pairs are pairs in which both twins experienced
the event under study. Discordant pairs are pairs in which
one twin experienced the event under study.
Concordance rate

2 concordant affected pairs
2 concordant affected pairs discordant pairs
When MZ concordance rates are greater than DZ
concordance rates, genetic influences are indicated. If the
concordance is similar for both types of twins and higher
than expected by chance, then environmental effects are
indicated.
Odds ratio. The relative risk of AAA for persons
whose twin had AAA compared with persons whose twin
did not was estimated as an odds ratio (OR) and was
calculated as:
OR (a d) (b c)
in which a is the number of concordant pairs, b and c are
each half the number of discordant pairs, and d is the
number of concordant pairs without AAA.
Intraclass correlation and heritability. Tetrachoric
correlations were calculated assuming an underlying nor-
d direction of resemblance between two variables (twin pair). It
16
coefficients (“parameters”) between latent (unobserved) and
tes minimize the difference between the covariance structure of
cted by the model.10,16
iance accounted for by inherited genetic differences among
nce accounted for by environmental factors shared by both
arity between them (eg, similar dietary habits [high cholesterol]
family).12,16
nce accounted for by environmental factors causing differences
ations, infections, smoking, or occupational exposure).12,16gth an
1.10,
ssion
stima
predi
ic var
varia
simil
hood
varia
mutmal distribution of liability, with multiple factors contrib-
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between AAA and no AAA. Differences in correlations
between various groups provide information about the
presence of genetic effects. Higher correlations of liability
in MZ twins than in DZ twins suggest that genetic factors
influence disease development.
Structural equation models can determine the variation
of genetic and environmental influences in a phenotype.16
According to standard biometric practice; no gene-gene
interaction, no gene-environment interaction or correla-
tion, random mating, and the assumption that twins are
representative of the general population were all as-
sumed.16 A biometric path model is shown in the Fig. The
total variance in the trait can be partioned into genetic
variance (a2), shared (familial) environmental variance (c2),
and nonshared (unique) environmental variance (e2).13
The method for selecting the best model followed standard
procedures by using the Mx structural equation analyses.10
In order to estimate the parameters of interest, the equation
for one of the twins can be written as:
Vp a2 c2 e2 1.
Vp is the total phenotypic variance of the population,
representing the sum of the individual components a2, c2,
and e2. Heritability, the relative importance of genetic
influences for variation in a trait, is defined as genetic
variance (a2) divided by the total phenotypic variance.
We could estimate the contribution of genetic (A) as
well as shared (C) and nonshared (E) environmental effects
by using the full biometric model (ACE) and its submodel
(AE). Because the effects of genetic dominance and shared
environment are confounded in the classical study of twins
reared together, it is not possible to estimate those param-
eters simultaneously in a single model.17 Shared environ-
mental factors contribute to similarity in pairs of twins (eg,
passive smoking in childhood family or similar dietary hab-
its). Nonshared environmental factors are, for example,
sporadic mutations, infections, or occupational exposure.
Statistical software. Structural equation modeling
was carried out with Mx-analyses, a software package spe-
cifically designed for analysis of genetically informative
Fig. Biometric path model. P, Phenotype; G, genetic variance; C,
shared environmental variance; E, nonshared environmental vari-
ance; MZ, monozygotic; DZ, dizygotic; TRA, twins reared apart;
TRT, twins reared together.data.RESULTS
We identified 172,890 twins (51% women) at the time
of the study including 277 twins with AAA (prevalence in
the entire twin cohort: 0.16%; in the MZ twin group 1.2%;
in the DZ twin group 1.4%). Twelve twins had unknown
zygosity and were excluded from the study. The final study
sample included in the analysis was 265 twins with AAA:
81% men; mean age 72 years (range, 48 to 94-years-old).
There was no difference betweenMZ andDZ twins regard-
ing the age of AAA diagnosis (P  .86). There were
approximately 26% ruptured AAAs based on ICD-9 and
10. Among concordant pairs, there were 7 MZ (86% men)
and 5 DZ (90% men; 1 pair opposite sex) with AAA.
Corresponding numbers for discordant pairs were 44 MZ
(77%men) and 197DZ (80%men; 100 pairs opposite sex).
Twin similarity and correlations of liability for AAA are
shown in Table II. The probandwise concordance rates for
MZ and DZ pairs were 24% and 4.8%, respectively. The
tetrachoric correlations were 0.71 in MZ pairs and 0.31 in
DZ pairs. The increased concordance rates, as well as
higher correlations of liability in MZ compared to DZ
twins, provide strong evidence of a genetic influence in
disease expression. The OR was 71.1 (95% CI 27.5-183.4)
for MZ twins and 7.6 (95% CI 3.0-19.2) for DZ twins.
When analyzing twins 55 years of age, there were 6
MZ and 5 DZ concordant pairs with AAA. Corresponding
numbers for discordant pairs were 23 MZ and 188 DZ.
The OR was 36.2 (95% CI 13.3-98.3) for MZ twins and
4.5 (95% CI 1.8-11.4) for DZ twins.
The results of structural equation model-fitting to the
data are shown in Table III. The heritability (the propor-
tion of the variance attributable to genetic effects) for AAA
was 70% in both models. The remaining variation among
twins could be attributed to nonshared environmental ef-
fects (30%), but no effect of familial (shared) environmental
factors.
DISCUSSION
The classical twin method is based on the fact that MZ
twins share identical genotypes, whereas DZ twins are no
more genetically alike than normal siblings. Furthermore,
the use of statistical models to analyze data from large
samples of twins makes it possible to estimate the magni-
tude of the genetic and environmental effects on suscepti-
bility to AAA.12 In the largest AAA population-based twin
study to date, we could provide robust epidemiologic evi-
dence that heritability contributes to aneurysm formation.
Concordances and correlations were significantly higher in
MZ compared with DZ twins, indicating genetic effects.
There was a 24% probability that the MZ twin of a person
with an AAA will have the disease. The twin of an MZ twin
with an AAA had a risk of an AAA that was 71 times that of
the MZ twin of a person without an AAA. When looking at
twins over the age of 55 with an AAA, then possibly
excluding genetic connective tissue disorders such as
Ehlers-Danlos and Marfan syndrome, the OR was still
significantly higher for MZ twins compared to DZ twins. A
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The remaining variance was explained by nonshared envi-
ronmental factors with no support for a role of shared
environmental influences.
AAAs are frequently familial.5,6,18 Clifton was the first
to report that AAA could be an inheritable disease, describ-
ing three brothers with ruptured aneurysms.19 There is an
increased incidence of AAA observed in first-degree rela-
tives of affected individuals.20 When comparing the family
histories of patients with AAA and controls, 19% of patients
with AAA reported to have a first-degree relative with a
history of AAA compared to only 2.4% of the controls.21
Ultrasound scan screening of siblings of patients with AAA
shows an overall aneurysm incidence of 19% to 25%.22,23
We have previously shown in a population-based study that
the relative risk of developing AAA for first-degree relatives
to persons diagnosed with AAAwas approximately doubled
compared to persons with no family history, which is in
agreement with findings for first-degree relatives in screen-
ing studies.1,2,8 The possible genetic predisposition to AAA
was investigated by Powell and Greenhalgh,24 recording
the family history from 60 consecutive patients presenting
for aneurysm repair. The younger age of presentation and
the concentration of women amongst those with a positive
family history argued for multifactorial inheritance of AAA,
suggesting the genetic component to contribute to 70% of
the overall susceptibility.
In the literature, we could only find 6 MZ twins pairs
with AAA reported.25-28 The hereditary pattern of 50
families with two or more first-order relatives affected with
AAA, including three pairs of identical twins, was studied
by Tilson and Seashore.25 One of the twin pairs also had an
affected mother. They suggested that only one gene is
responsible for AAA inheritance, which is likely to be
autosomal dominant. In addition, case reports of MZ twins
with AAA have been reported.26-28
The twin model provides powerful means of examining
Table II. Twin similarity and correlations of liability for a
Zygosity
Concordant pairs
with no AAA
Concordant pairs
with AAA
Monozygotic 4913 7
Dizygotic 14,820 5
AAA, Abdominal aortic aneurysm; CI, confidence interval.
Table III. Estimation of genetic and environmental
effects for abdominal aortic aneurysm
Model
A: Genetic effects
(95% CI)
C: Shared
environmental
effects
(95% CI)
E: Nonshared
environmental
effects (95% CI)
ACE model 0.70 (0.33-0.83) 0 (0-0.27) 0.30 (0.17-0.46)
AE model 0.70 (0.54-0.83) — 0.30 (0.17-0.46)
CI, Confidence interval.the total genetic contribution to a given disease, especiallya complex trait such as AAA.10,29 Unlike family studies or
the study of sibling pairs, potential confounders such as the
variability of disease prevalence with age are removed.30
The twin model approach relies on important assumptions
(random mating, no interaction between genes and envi-
ronment, and equivalent environments for MZ and DZ
twins) that potentially could over- or underestimate the
genetic and environmental components.11 There was only
one female concordant twin pair with AAA, probably
explained by a high frequency of AAA in men in general
and a relative small sample size in this study. We could,
therefore, not draw any conclusions about a possible
stronger heritability in men or women. Missing AAA
diagnoses in the twin registry could possibly underesti-
mate the genetic effects. It should be noted that our
estimates are population-specific. In other regions, the
proportions of the type of effects could differ because of
different environmental factors. For the aneurysmal dis-
ease with several genetic and environmental factors, the
liability model assumes that the disease will occur when
there are enough contributory factors to push the indi-
vidual’s liability above the threshold.30
This study has analyzed the contribution of hereditary
and environmental factors for AAA development. It em-
phasizes the importance of evaluating family history in
patients with AAA and supports ultrasound scan screening
of unaffected siblings. The data can improve the informa-
tion given to first-degree relatives of patients with AAA
regarding the risk of AAA. However, many questions in the
genetics of familial AAA remain unanswered. The under-
standing how risk factors and genotype contribute to AAA
development is important for patient selection to screening
and more aggressive treatment.1,7 Twin studies are a valu-
able source of information about the genetic basis of com-
plex traits. In that way, phenotypes can be defined to
maximize chances of successful gene mapping.
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Dr Peter Lawrence (Los Angeles, Calif). A number of years
ago we published a study from the University of Utah looking at
the inheritance pattern of patients with AAA. One factor that you
did not mention, and I wonder if it relates to twins as well as the
pattern in women, is the so-called “black widow syndrome”, where
women who develop an aneurysm at a younger age tend to pass
that trait down to both sons and daughters. Did you find that
gender was also a factor in your twin study?
Dr Wahlgren. We were very interested in a possible gender
difference in this twin study but we couldn’t find any. There was no
support for a stronger heredity in women. Unfortunately, though,
there were only 50 women in the study cohort and only one female
concordant monozygotic twin pair with AAA. We could, there-
fore, not draw any conclusions about a possible stronger heritabil-
ity in men or women.
We recently published a large population-based study with a
larger number of women and we could not find that gender of the
index person or the first-degree relative did influence the risk for
AAA.
Dr Peter Gloviczki (Rochester, Minn). It’s amazing that youaneurysms higher between twins than between other members of
the family?
Dr Wahlgren.We have looked at the prevalence for both the
monozygotic twins (1.2%) and the dizygotic twins (1.4%) and
there was no significant difference. It doesn’t seem to be a differ-
ence in prevalence when comparing to population-based studies in
the literature. Thus, there is no support that AAA is more common
in twins.
When looking at the incidence and the family history of
patients with AAA in the literature, about 20% of patients with
AAA reported to have a first-degree relative with a history of
AAA compared to only 2% to 3% of the controls. In monozy-
gotic (MZ) twins, about 24% of the twins had a twin sibling with
AAA. The twin of an MZ twin with AAA had a relative risk of
AAA that was 71 times that of the MZ twin of a person without
AAA.
Dr Gloviczki. Anybody ruptured?
DrWahlgren. I don’t have good data on ruptured AAA in the
registry. The data we have analyzed is based on the ICD codes.
When looking at ICD-9 and 10, there were approximately 26%
ruptured AAAs.
